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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention $ 

[0001] The present invention relates to a system hav- 
ing a sensing device and an industrial equipment's work- 
ing member, such as a boom, arm or bucket, having two 
side surfaces, said sensing device sensing the displace- 
ment of the industrial equipment's working member with 
respect to a support member, also having two side sur- 
faces, for said working member. 

2. Description of the Prior Art 

[0002] As well known to those skilled in the art, vari- 
ous types of industrial equipment have been preferably 
used in construction sites and manufacturing plants for 
performing difficult operations which are beyond the 
power of man. Furthermore, not only are the buildings 
to be constructed and manufacturing lines of the plants 
run on very extensive scales, they have also been sub- 
divided into many sections recently. Therefore, industri- 
al equipment has been substituted for manpower while 
conducting difficult operations in the above construction 
sites and manufacturing plants. 
[0003] Typical industrial equipment has a travelling 
part similar to that of a conventional vehicle. The trav- 
elling part moves the equipment to the desired place in 
the construction sites or manufacturing plants. Industrial 
equipment of this type also includes a plurality of work- 
ing members for conducting several operations for dig- 
ging sand and pebbles, digging ditches, loading goods 
and destroying buildings. 

[0004] In the above industrial equipment, it needs to 
operate the working members carefully while conduct- 
ing delicate operations. If an operator makes a mistake 
while operating the working members during a specific 
operation, safety accidents may occur. Power excava- 
tors are representative industrial equipment preferably 
used for digging. Power excavators have to be carefully 
controlled to accurately conduct the desired operations. 
In order to control the power excavators carefully, the 
angular displacements of the working members such as 
the booms, arms and buckets must be carefully control- 
led. 

[0005] Fig. 1 is a view showing the construction of a 
typical power excavator. Fig. 2 is a partially enlarged 
perspective view of a joint portion between the boom 
and arm of the power excavator. The above power ex- 
cavator is provided with a typical device for sensing the 
angular displacements of the working members. 
[0006] As shown in Fig. 1 , the power excavator 1 in- 
cludes a turret 2 which is rotatably mounted to the top 
of a travelling part 3. The turret 2 forms the outer ap- 
pearance of the excavator's top portion and has a con- 
trol cap. The control cap is equipped with a control pan- 
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el, a plurality of control levers and the like. The control 
levers are handled by an operator while operating the 
working members to conduct the desired operations. 
The travelling part 3 of the excavator 1 may be provided 
with either wheels or caterpillars and moves the exca- 
vator to the desired place in accordance with the han- 
dling motions of the associated control levers of the con- 
trol cap. The power excavator also includes a working 
member part 4 movably mounted to the front of the turret 
2. The above working member part 4 includes a plurality 
of working members and directly conducts the desired 
operations in accordance with the handling motions of 
the associated control levers of the control cap. 
[0007] The working members of the above part 4 in- 
clude a boom 5, an arm 6 and a bucket 7 which move 
within their own moving ranges. The Joint portions be- 
tween the working members 5, 6 and 7 are each provid- 
ed with a displacement sensing device 8. The sensing 
devices 8 of the power excavator sense the working 
member's angular displacements and control the mo- 
tions of the working members while performing the de- 
sired operations. 

[0008] Fig. 2 shows the sensing device 8 which is pro- 
vided in the joint portion between the boom 5 and the 
arm 6 and is used for sensing the angular displacement 
of the arm 6 relative to the boom 5. The above sensing 
device 8 includes a sensor housing 9 having a prede- 
termined configuration. The above housing 9 is mount- 
ed to the boom 5 at the Joint portion between the boom 
5 and the arm 6. A sensor (not shown) is received in the 
housing 9 and senses the angular displacement of the 
arm 6 relative to the boom 5. A bracket 10 is mounted 
to the arm 6 outside the housing 10 at the joint portion. 
The bracket 10 is also connected to the above housing 
9. 

[0009] Generally, the sensor provided in the housing 
9 may use a potentiometer. When the working members 
of the above excavator 1 are operated to conduct the 
desired operation, the arm 6 will perform the arm-in or 
arm-out motion relative to the boom 5. The turning mo- 
tion of the arm 6 rotates the housing 9 connected to the 
bracket 10, thereby varying the variable resistance of 
the sensor. The sensor thus detects the angular dis- 
placement of the arm 6 relative to the boom 5 by check- 
ing the variation of the constant voltage applied from a 
battery to the sensor. 

[0010] As the above sensing device detects the an- 
gular displacements of the working members in accord- 
ance with constant voltage variation as described 
above, the device is largely influenced by moisture 
thereby often failing to precisely detect the angular dis- 
placements of the working members. In order to rectify 
the above problem, expensive waterproof sensors may 
be used. However, the waterproof sensors increase the 
cost of the displacement sensing device. 
[0011] The above expensive sensor needs to be pro- 
tected by the housing 9. However, the above housing 9 
makes it difficult to change the troubled sensor with a 
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new one. Furthermore, it is very difficult to precisely fo- 
cus the sensor when initially installing the sensor in the 
housing 9. 

[0012] In addition, the sensing device vibrates in- 
tensely as the sensing device is mounted to either side 
surface of the working member. As the vibrations cause 
operational errors to the sensing device while sensing 
the angular displacements of the working members, the 
sensing device fails to precisely sense the angular dis- 
placements of the working members. 
[0013] US-A-5 363 304 discloses a device forsensing 
the displacement of an industrials equipment's member, 
such as a boom, arm or bucket, having two side surfac- 
es, with respect to a support member, also having two 
side surfaces, for said working member. 

SUMMARY OF THE INVENTION 

[0014] It is, therefore, an object of the present inven- 
tion to provide a system for sensing the displacement of 
working members in industrial equipment in which the 
above problems can be overcome and which is provided 
with a cheap analog inductive sensor capable of main- 
taining its sensing characteristics irrespective of mois- 
ture and leaking water, thereby precisely sensing the 
displacements of the working members of industrial 
equipment. 

[0015] It is another object of the present invention to 
provide a system for sensing the displacement of work- 
ing members in industrial equipment which has a sensor 
housing capable of easily fixing the sensor, thereby eas- 
ily changing the troubled sensor with a new one and eas- 
ily focusing the sensor when initially mounting the sen- 
sor to the housing. 

[0016] It is yet another object of the present invention 
to provide a system for sensing the displacement of 
working members in industrial equipment which pre- 
vents the operational errors to the sensor caused by op- 
erational vibrations of the working members while sens- 
ing the displacements of the working members. 
[0017] In order to accomplish the above objects, the 
present invention provides a system having a sensing 
device and an industrial equipment's working member, 
such as a boom, arm or bucket, having two side surfac- 
es, device sensing the displacement of the industrial 
equipment's working member with respect to a support 
member, also having two side surfaces; for said working 
member, comprising: a plurality of sensor housings to 
be mounted to both said side surfaces of said support 
member of the working member, each housing having 
a sensor mount hole; a plurality of grooves to be formed 
for use of the device on both said side surfaces of the 
working member so as to face the housings while the 
working member moves relative to the support member, 
the depth of each groove varying from one end toward 
the other end of the groove: sensing means fixed to the 
sensor mount hole of each housing, the sensing means 
being adapted for sensing the variations of an associat- 
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ed groove's depth and outputting displacement data of 
the working member; and control means adapted for re- 
ceiving the displacement data outputted from the sens- 
ing means and calculating the angular displacement of 

s the working member relative to the support member pri- 
or to outputting a control signal to the working member 
in accordance with the calculated results. 
[0018] In the preferred embodiment of the invention, 
the sensing means comprises an analog inductive sen- 

10 sor outputting an analog current signal in accordance 
with the variations of the associated groove's depth. In 
addition, the sensing device further includes a current/ 
voltage converter adapted for converting the analog cur- 
rent signal of the analog inductive sensor into an analog 

15 voltage signal, and an analog/digital converter adapted 
for converting the analog voltage signal of the current/ 
voltage converter into a digital voltage signal and out- 
putting the digital voltage signal to the control means. 



[0019] The above and other objects, features and oth- 
er advantages of the present invention will be more 
clearly understood from the following detailed descrip- 
tion taken in conjunction with the accompanying draw- 
ings, in which: 

Fig. 1 is a view showing the construction of a typical 
power excavator; 

Fig. 2 is a partially enlarged perspective view of a 
joint portion between a boom and an arm of the 
power excavator with a typical sensing device for 
sensing the angular displacement of the arm rela- 
tive to the boom; 

Fig. 3 is a partially enlarged perspective view of a 
joint portion between a boom and an arm of a power 
excavator with a displacement sensing device in ac- 
cordance with a preferred embodiment of the 
present invention; 

Fig. 4 is a partially enlarged perspective view of the 
arm of Fig. 3 provided with an arcuate groove 
whose depth varies from one end toward the other 
end; 

Fig. 5 is a graph showing the output characteristic 
of an analogue inductive sensor used in the dis- 
placement sensing device of Fig. 3; 
Fig. 6 is a schematic view representing the relation 
between the analog inductive sensor mounted to 
the boom and the arcuate groove formed on the arm 
of Fig. 3; and 

Fig. 7 is a block diagram of the process for detecting 
the positional data of the arm relative to the boom 
in accordance with the signal outputted from the an- 
alog inductive sensor of Fig. 6. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] Rg. 3 is a partially enlarged perspective view 
of a Joint portion between a boom and an arm of a power 5 
excavator with a displacement sensing device in ac- 
cordance with a preferred embodiment of the present 
invention. Fig. 4 is a, partially enlarged perspective view 
of the arm of Fig. 3. In the following description, those 
elements common to both the present invention and the 
prior embodiment of Figs. 1 and 2 will carry the same 
reference numerals. The above elements common to 
both the present invention and the prior embodiment are 
not described in detail in the following description. 
[0021] As shown in Fig. 3, the sensing device of this 
invention is mounted to, for example, the joint portion 
between the boom 5 and the arm 6 thus sensing the 
angular displacement of the arm 6 relative to the boom 
5. The sensing device includes a pair of sensor housings 
1 1 which are mounted to both side surfaces of the boom 
5 at the joint portion between the two working members 
5 and 6. Each housing 11 is provided with a sensor 
mount hole. An analog inductive sensor 12 is fitted into 
and fixed to the sensor mount hole of each housing 11 . 
[0022] As best seen in Fig. 4, an arcuate groove 13 is 
formed on each side surface of the arm 6 at the joint 
portion between the two working members 5 and 6. The 
configuration of the arcuate grooves 13 is designed to 
be always faced to the analog inductive sensor 12 while 
the arm 6 moves relative to the boom 5. The depth of 
each groove 12 varies from one end toward the other 
end of the groove 12. 

[0023] Fig. 5 is a graph showing the output character- 
istic of the analog inductive sensor 1 2. As shown in the 
above graph, the analog inductive sensor 12 performs 
its sensing operation by the variation of the amount of 
electric current (Y-axis) according to the distance (X-ax- 
is), thereby maintaining its characteristic respective of 
moisture and leaking water. In accordance with the 
present invention, the troubled sensor 12 can be easily 
changed with a new one as the sensors 12 are simply 
fitted into the sensor mount holes of the housings 1 1 . Of 
course, it will be understood that the analog inductive 
sensor may be substituted with other types of sensors 
capable of performing the sensing operation using the 
amount of the electric current. 
[0024] The operational effect of the above-mentioned 
sensing device will be described hereinbelow. 
[0025] In the above analog inductive sensor 12, the 
amount of detected current varies in accordance with 
the distance as described above. Therefore, the amount 
of the electric current detected by the sensor 12 is de- 
tected in the analog type and forms an analog current 
signal when the depth of each arcuate groove 13 varies 
from one end of the groove 13 toward the other end of 
the groove 1 3 as shown in Fig. 6. The above analog cur- 
rent signal of the sensor 12 corresponds to the output 
waveform shown in Fig. 5. 



[0026] The detected analog current signal in turn is 
converted into an analog voltage signal by a current/ 
voltage converter 1 4 as shown in Fig. 7. The analog volt- 
age signal coming out of the converter 14 is, thereafter, 
converted into a digital voltage signal by an analog/dig- 
ital converter 15. 

[0027] The digital voltage signal coming out of the N 
D converter 1 5 in turn is applied to a microcomputer 1 6. 
Upon receiving the above digital voltage signal, the mi- 
crocomputer 16 calculates the displacement angle of 
the arm 6. That is, the microcomputer 16 detects the 
angular displacement of the arm 6 relative to the boom 

5 while conducting the desired operation. 

[0028] Of course, the above microcomputer 1 6 is pro- 
vided with preset positional data according to the depth 
of the arcuate grooves 13. As the two analog inductive 
sensors 12 are fixed to the housings 11 mounted to both 
side surfaces of the boom 5, the microcomputer 16 cal- 
culates the average value from the positional data out- 
putted from the above two sensors 1 2, thereby relatively 
precisely detecting the angular displacement of the arm 

6 relative to the boom 5. Therefore, the sensing device 
of this invention remarkably reduces the operational er- 
rors to the sensors 12 caused by the operational vibra- 
tions of the excavator while sensing the displacements 
of the working members. 

[0029] Of course, it should be understood that the 
sensing device of the present invention may be mounted 
to the Joint portion between the turret 2 and boom 5 and 
to the Joint portion between the arm 6 and bucket 7. The 
sensing device mounted to the joint portion between the 
turret 2 and boom 5 senses the angular displacement 
of the boom 5 relative to the turret 2. Meanwhile, the 
sensing device mounted to the joint portion between the 
arm 6 and bucket 7 senses the angular displacement of 
the bucket 7 relative to the arm 6. In the above descrip- 
tion, the sensing device is used with a power excavator, 
for example. However, it is obvious that the sensing de- 
vice of this invention may be adapted for use with other 
types of industrial equipment having working members. 
[0030] As described above, the present invention pro- 
vides a device for sensing the working member's dis- 
placements of industrial equipment. The sensing device 
of this invention is provided with analog inductive sen- 
sors which detect the angular displacements of the 
working members on the basis of current variations ac- 
cording to distance. Therefore, the above sensing de- 
vice maintains its sensing characteristics irrespective of 
moisture or leaking water. As the analog inductive sen- 
sors used in the instant sensing device is remarkably 
cheaper than the potentiometers used in the typical 
sensing device, the present invention reduces the cost 
of the sensing devices. The analog inductive sensor is 
simply fitted into and fixed to the sensor mount hole of 
the housing, thereby being easily changed with a new 
one and being easily focused when initially mounting the 
sensor to the housing. The analog inductive sensor of 
this invention is also mounted to each side surface of a 
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- working member, thereby preventing an operational er- 
ror to the sensor due to the operational vibrations of the 
working members while sensing the angular displace- 
ments of the working members, 
[0031] Although the preferred embodiments of the 
present invention have been disclosed for illustrative 
purposes, those skilled in the art will appreciate that var- 
ious modifications, additions and substitutions are pos- 
sible, without departing from the scope of the Invention 
as disclosed in the accompanying claims. 



Claims 

1 . A system having a sensing device and an industrial 
equipment's working member, such as a boom, arm 
or bucket, having two side surfaces, said sensing 
device sensing the displacement of the industrial 
equipment's working member with respect to a sup- 
port member, also having two side surfaces, for said 
working member; 

characterized by : 

a plurality of sensor housings (1 1 ) to be mount- 
ed to both said side surfaces of said support 
member (5) of said working member (6), each 
housing having a sensor mount hole; 
a plurality of grooves (13) to be formed for use 
of the device on both said side surfaces of said 
working member (6) so as to face said housings 
(1 1 ) while said working member (6) moves rel- 
ative to said support member (5), the depth of 
each groove varying from one end toward the 
other end of said groove; 
sensing means (12) fixed to the sensor mount 
hole of each housing (11), said sensing means 
being adapted for sensing the variations of an 
associated groove's depth and outputting dis- 
placement data of said working member (6); 
and 

control means (Fig. 7) adapted for receiving the 
displacement data outputted from said sensing 
means (12) and calculating an angular dis- 
placement of the working member (6) relative 
to the support member (5) prior to outputting a 
control signal to said working member in ac- 
cordance with calculating results. 

2. The system according to claim 1, wherein said 
sensing means (12) comprises an analog inductive 
sensor outputting an analog current signal in ac- 
cordance with the variations of the associated 
groove's depth. 

3. The system according to claim 2, further compris- 
ing: 

a current/voltage converter adapted for con- 



verting the analog current signal of said analog 
inductive sensor into an analog voltage signal; 
and 

an analog/digital converter adapted for con- 
s ' verting said analog voltage signal of the cur- 

rent/voltage converter into a digital voltage sig- 
nal and outputting the digital voltage signal to 
said control means. 

10 

PatentansprQche 

1 . System mit einer Detektionsvorrichtung und einem 
Arbeitsgerat eines industriellen Apparates, bei- 

'5 spielsweise einem Ausleger, Arm Oder einer For- 
derschaufel, das zwei Seitenflachen hat, wobei die 
Detektionsvorrichtung die Verlagerung des Arbeits- 
gerates des industriellen Apparates gegenuber ei- 
nem Tragteil, welches ebenfalls zwei Seitenflachen 

20 hat, fur das Arbeitsgerat erfaBt, 
gekennzeichnet durch: 

eine Vielzahl von Sensorgehausen (1 1 ) zur Be- 
festigung an den beiden Seitenflachen des 
25 Tragteils (5) des Arbeitsgerates (6), wobei je- 

des Geh&use eine Sensorbefestigungsoffnung 
hat; 

eine Vielzahl von Ausnehmungen (13), welche 
zur Verwendungder Vorrichtungan beiden Sei- 

30 tenflachen des Arbeitsgerates (6) ausgebildet 

sind, urn den Gehausen (11) gegenuber zu lie- 
gen, wenn sich das Arbeitsgerat (6) relativ zu 
dem Tragteil (5) bewegt, wobei die Tiefe einer 
jeden Ausnehmung sich von einem Ende in 

35 Richtung zu dem anderen Endes der Ausneh- 

mung andert; 

eine Detektionseinrichtung (12), welche in der 
Sensorbefestigungsoffnung jedes Gehauses 

(11) befestigt ist, wobei die Detektionseinrich- 
40 tung dafur ausgelegt ist, die Anderungen in der 

Tiefe einer zugeordneten Ausnehmung zu er- 
fassen und Verlagerungsdaten des Arbeitsge- 
rates (6) abzugeben; und 
eine Steuereinrichtung (Fig. 7), welche dafur 
45 ausgelegt ist, die Verlagerungsdaten zu emp- 

fangen, welche von der Detektionseinrichtung 

(12) abgegeben werden, und die Winkelverla- 
gerung des Arbeitsgerates (6) relativ'zu dem 
Tragteil (5) zu berechnen, bevor ein Steuersi- 

so gnal an das Arbeitsge-rat gemSG den Berech- 

nungsergebnissen abgegeben wird. 

2. System nach Anspruch 1 , wobei die Detektionsein- 
richtung (12) einen analogen induktiven Sensor 

55 aufweist, der ein analoges Stromsignal gemaO den 
Anderungen der Tiefe der zugehflrigen Ausneh- 
mung abgibt. 
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3. System nach Anspruch 2, weiter mit: 

einem Strom/Spannungs -Wandler, der dafur 
ausgelegt ist, das anaioge Stromsignal des 
analogen induktiven Sensors in ein analoges 
Spannungssignal umzuwandeln; und 
einem Analog/Digital-Wandler, der dafur aus- 
gelegt ist, das anaioge Spannungssignal des 
Strom/Spannungswandlers in ein digitales 
Spannungssignal umzuwandeln und das digi- 
tale Spannungssignal an die Steuereinrichtung 
abzugeben. 



Revendications 



10 



15 



fondeur de la rainure associee. 

Systeme selon la revendication 2, comprenant, de 
plus : 

un convertisseur courant-tension adapte pour 
convertir le signal de courant analogique dudit 
capteur inductif analogique en un signal de ten- 
sion analogique ; et 

un convertisseur analogique-numSrique adap- 
te pour convertir ledit signal de tension analo- 
gique du convertisseur courant-tension en un 
signal de tension numerique et pour sortir le si- 
gnal de tension numerique vers lesdits moyens 
de commande. 



1 . Systeme comportant un dispositif de detection et un 
element de travail d'equipement industriel, tel 
qu'une fleche, un bras ou une pelle, comportant 
deux surfaces laterales, ledit dispositif de detection 20 
detectant le deplacement de I'element de travail de 
I'equipement industriel par rapport a un element de 
support, comportant egalement deux surfaces late- 
rales, pour ledit Element de travail ; 

caracterise par : 25 

une pluralite de boTtiers de capteurs (11 ) a mon- 
ter sur lesdites deux surfaces laterales dudit 
element de support (5) dudit element de travail 
(6), chaque boTtier comportant un trou de mon- 30 
tage de capteur; 

une pluralite de rainures (1 3) a formerpour {'uti- 
lisation du dispositif sur lesdites deux surfaces 
laterales dudit element de travail (6) de maniere 
a. faire face auxdits boTtiers (11) tandis que ledit 35 
element de travail (6) se deplace par rapport 
audit element de support (5), la profondeur de 
chaque rainure variant entre une premiere ex- 
tremite et I'autre extremite de ladite rainure ; 
des moyens de detection (12) fixes au trou de *o 
montage de capteur de chaque boTtier (11), les- 
dits moyens de detection etant adaptes pour 
detecter les variations de profondeur d'une rai- 
nure associee et pour sortir les donnees de de- 
placement dudit element de travail (6) ; et 45 
des moyens de commande (figure 7) adaptes 
pour recevoir les donnees de deplacement sor- 
ties desdits moyens de detection (12) et pour 
calculer un deplacement angulaire de I'el6ment 
de travail (6) par rapport a I'element de support so 
(5) avant de sortir un signal de commande vers 
ledit element de travail en fonction des resultats 
du calcul. 



Systeme selon la revendication 1 , dans lequel les- 
dits moyens de detection (12) comprennent un cap- 
teur inductif analogique sortant un signal de courant 
analogique conformement aux variations de pro- 
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FIG. 7 
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